Summary: The risk of metabolic late effects after childhood cancer, such as obesity, hypertension, and diabetes, can be positively influenced by a healthy lifestyle with sufficient physical activity. Nevertheless, studies on physical activity in adult survivors of childhood cancer are scarce and involve different and often nonvalidated questionnaires. We used the Short QUestionnaire to ASsess Health-enhancing physical activity (SQUASH), which was developed and validated to assess daily life physical activity in the Dutch adult population. The aim of the study was to assess daily life physical activity in Dutch adult long-term nephroblastoma and neuroblastoma survivors. Sixty-seven nephroblastoma and 36 neuroblastoma survivors (median age, 30 y; range, 18 to 51 y) and 60 sociodemographically similar healthy control subjects (median age, 32 y; range, 18 to 62 y) were asked to complete the SQUASH during their regular follow-up visit. The adjusted mean physical activity score in male neuroblastoma survivors (mean, 7155; P = 0.004) was significantly lower than in male controls (mean, 10,574), whereas it was not significantly lower in male nephroblastoma survivors (mean, 9122; P = 0.108). Adjusted means for physical activity scores in females were not different from their controls. In conclusions, male neuroblastoma survivors were identified as performing less daily physical activity.
S urvival of nephroblastoma and neuroblastoma patients has increased significantly during the last few decades. The increased survival is due to better stratification, improvements of treatment strategies, and optimized supportive care. With a mean survival rate of 92% and 55%, respectively, nephroblastoma and neuroblastoma survivors represent a considerable group of childhood cancer survivors. 1, 2 Late effects that occur in these survivors include pulmonary, musculoskeletal, renal, and cardiac late effects, second malignant neoplasms, and increased risk of cardiovascular diseases. [3] [4] [5] [6] Some of these late effects influencing cardiovascular risk, for example hypertension, obesity, dyslipidemia, and insulin resistance, that is, the metabolic syndrome, might be positively affected by sufficient physical activity.
According to a recent review, most studies reported less physical activity in childhood cancer survivors than in control subjects. In particular, survivors treated with cranial radiotherapy or amputation are less physically active. 7 Limitations of previously performed research on physical activity in childhood cancer survivors are the lack of objective physical activity measures, validated questionnaires, noncancer comparison groups, and the heterogeneity of studied diagnostic groups. 7 The Short QUestionnaire to ASsess Health-enhancing physical activity (SQUASH) was developed by the Dutch National Institute of Public Health and the Environment to assess daily life physical activity in the Dutch adult population. 8 The SQUASH contains questions about commuting activities, exertion at work or school, household activities, and leisure time and sports during an average week. Although this questionnaire is a subjective measure of physical activity, it has an important advantage over other questionnaires as it was validated using an objective measure: a Computer Science and Applications activity monitor.
The objective of this study was to assess daily life physical activity using the SQUASH and to assess compliance to the Dutch physical activity guidelines in Dutch adult long-term survivors of nephroblastoma and neuroblastoma, as compared with a noncancer comparison group.
MATERIALS AND METHODS

Participants
All long-term (ie, Z5 y after cessation of treatment) adult survivors of childhood nephroblastoma and neuroblastoma, treated between 1961 and 2004 in the Erasmus MC-Sophia Children's Hospital and routinely visiting the late effects outpatient clinic were invited to participate in this prospective study. A control group, consisting of siblings, friends, or neighbours, preferably of the same sex and within an age range of 5 years of the survivor, was crosssectionally recruited. This control group was designed as a sociodemographically similar comparison population. Informed consent was obtained according to the Helsinki declaration 9 and the study was approved by the local medical ethical committee. Adult survivors of neuroblastoma stage 4S who did not receive any treatment were excluded from this study. During the regular visit of the survivors, history was taken and physical examination, laboratory tests, and imaging studies were performed. The study took place from October 2009 to March 2011.
Outcome of Interest
Information about daily life physical activity was collected with the SQUASH (Appendix A, Supplementary Digital Content 1, http://links.lww.com/JPHO/A27). 8 The SQUASH expresses physical activity as a score. Physical activity score is the sum of activity scores for each question. A higher physical activity score indicates a higher amount of daily physical activity. Questions are prestructured in commuting activities, activities at work or school, household activities, and leisure time activities including sports. The SQUASH consists of 3 main queries about physical activity: days per week, average time per day, and intensity. Intensity is subdivided in 3 categories based on Ainsworth's Compendium of Physical Activities. 10 The method of Wendel-Vos et al 8 was used for allocating intensity scores to reported activities. For determining intensity categories of reported sports, the method of Ainsworth et al 10 was used. Mean physical activity score using the SQUASH was reported to be 7850 in a study of healthy males and females (mean age, 44 y; SD 6). To assess compliance to the Dutch guidelines for physical activity, 11 the question "How many days a week do you bicycle, garden, exercise, or do odd jobs, for at least 30 minutes?" was added. If subjects answered this question with Z5 days, they were considered to adhere to the guideline. 11 
Data Collection
Information on disease and treatment was obtained from our local database and medical records. To assess the influence of relevant confounders, the following data were collected: information regarding smoking status and education level was collected using a self-designed questionnaire. Smoking status was categorized as nonsmoker, former smoker, and current smoker. Educational level was defined by the highest level of educational attainment as selected from 3 categories based on the Dutch educational system. Height was measured to the nearest millimeter using a Harpenden Stadiometer and weight was measured to the nearest 0.1 kg on a standard clinical balance. Body mass index (BMI) was calculated as weight (kg)/height (m 2 ). Spinal deformities were determined in survivors by physical examination. N-terminal probrain natriuretic peptide (NT-pro-BNP) was determined as a marker for heart function in both survivors and control subjects and was measured using a validated, commercially available immunoassay (Elecsys ProBNP; Roche Diagnostics, Indianapolis, IN), using established methodology. 12 
Statistics
Statistical analyses were performed with SPSS 18.0 (SPSS Inc., Chicago, IL). Mann-Whitney U tests were used to compare physical activity scores, BMI, and NT-pro-BNP between survivors and control subjects. Adjusted subgroup comparisons for sex and diagnosis subgroups were performed by calculating the estimated marginal means 
RESULTS
Patients
One hundred three adult long-term (Z5 y after cessation of treatment) survivors of nephroblastoma and 54 adult survivors of neuroblastoma were eligible to participate in this study. Out of 103 nephroblastoma survivors, 28 could not be contacted for participation (6 died 
to follow-up, and 5 refused to participate) and 6 neuroblastoma survivors (3 were currently pregnant, 2 being ill at the time, and 1 refused to participate) did not participate. In total, 103 adult survivors (67 nephroblastoma and 36 neuroblastoma survivors) participated in the current study. In addition, 60 healthy control subjects were included. Main reason for control subjects not to participate was that they had to take a day off work. Ninety-four percent (N = 97) of the survivors and 83% (N = 50) of the control subjects answered all the questions of the SQUASH. Median age of nephroblastoma survivors was 30.2 years (range, 18.8 to 50.8 y), of neuroblastoma survivors 29.6 years (range, 20.4 to 46.2 y), and of control subjects 32.1 years (range, 18.0 to 61.7 y). Median age at diagnosis was 2.3 years (range, 0.0 to 12.7 y) and median follow-up time after cessation of treatment was 26.2 years (range, 6.4 to 48.9 y) in nephroblastoma survivors and 27.8 years (range, 15.0 to 44.4 y) in neuroblastoma survivors. Characteristics of the study participants are shown in Table 1 .
Outcomes
Physical activity scores in nephroblastoma survivors (N = 67, missing N = 3) (median, 8140; P = 0.721) were not different from controls (N = 60, missing N = 10) (median, 8080), whereas neuroblastoma survivors (N = 36, missing N = 3) had lower physical activity scores than controls (median, 6685; P = 0.043). Physical activity scores in female survivors of both nephroblastoma (N = 28, missing N = 1) (median, 8490; P = 0.205) and neuroblastoma (N = 21, missing N = 2) (median, 7190; P = 0.979) were not significantly different from sex-matched controls (N = 27, missing N = 5) (median, 7200). Physical activity score of male nephroblastoma survivors (N = 39, missing N = 2) was not different from controls (N = 27, missing N = 5) (median, 8040 vs. 9528; P = 0.442). Male survivors of neuroblastoma (N = 15, missing N = 1), however, reported a significantly lower physical activity score than male control subjects (median, 6390 vs. 9528; P = 0.031) ( Table 2 ). Female nephroblastoma survivors (N = 28, missing N = 0) seemed to adhere more often to the physical activity guidelines (at least 30 min of activity per day at least 5 d a week) than female controls (N = 27, missing N = 1), however, this difference was not significant (64.3% vs. 44.4%, P = 0.180).
Adherence to the guideline was comparable between female neuroblastoma survivors (N = 21, missing N = 0) and female controls (47.6% vs. 44.4%, P = 0.920) ( Table 2) . Male survivors of nephroblastoma (N = 39, missing N = 0) (35.9%, P = 0.066) and male survivors of neuroblastoma (N = 15, missing N = 0) (33.3%, P = 0.119) seemed to adhere less frequently to the guidelines than male controls (N = 33, missing N = 0) (57.5%), however, these differences were not significant ( Table 2 ). There were no differences in median BMI and NT-pro-BNP between survivors and control subjects (Table 2) , however, both nephroblastoma and neuroblastoma survivors more often had high (>13.5 pmol/L) NT-pro-BNP levels ( Table 2) . Spinal deformities were present in 43/92 (42%) assessed survivors. After correction for the possibly confounding effects of age, sex, educational level, smoking, NT-proBNP, and BMI, the adjusted mean physical activity scores between female controls (8062), female nephroblastoma survivors (9235), and female neuroblastoma survivors (7898) were not significantly different (Fig. 1) . The adjusted mean physical activity score in male neuroblastoma survivors was significantly lower compared with male controls (mean 7155 vs. 10,574, P = 0.004). Physical activity score in male nephroblastoma survivors also seemed to be lower than in controls; however, this difference was not significant (mean 9122 vs. 10,574, P = 0.108) (Fig. 2) . Physical activity scores in male control subjects were significantly higher compared with female control subjects (P = 0.015). To assess the influence of spinal deformities on physical activity score, we performed a multiple linear regression analysis in survivors only, which enabled us to adjust for age, sex, smoking, educational level, NT-proBNP, and BMI. No associations between activity score and spinal deformities were found (b = 1219, P = 0.116).
DISCUSSION
We investigated daily life physical activity in 67 nephroblastoma and 36 neuroblastoma survivors compared with 60 sociodemographically comparable healthy control subjects. After correction for age, sex, smoking status, educational level, BMI, and NT-pro-BNP, male survivors of neuroblastoma reported less daily life activity than male control subjects.
It is unknown why male neuroblastoma survivors are less physically active than their healthy peers. Specific late effects of cancer treatment could possibly induce such behavior. Cardiac late effects and deformities such as scoliosis may influence daily life physical activity, but in our study, spinal deformities and NT-pro-BNP did not influence daily life physical activity.
Physical activity scores in female survivors were not different from female control subjects. It is possible that female survivors are more concerned about their health status and therefore commit more often in physical activity. Compared with the male control subjects, female control subjects were less physically active. This is consistent with previous reports which showed that healthy males are more physically active than females both on a daily basis and based on committing to sports. 13, 14 Similarly, the percentage of healthy siblings in the Childhood Cancer Survivors Study not meeting the physical activity guidelines was also somewhat higher in females than in males. 15 Our data concerning male neuroblastoma survivors are in concordance with findings of Ness and colleagues. In contrast to our study, they reported that also female survivors of nephroblastoma and neuroblastoma were more likely to report an inactive lifestyle compared with siblings. Differences in assessment of not only physical activity but also in health behavior and lifestyle between the different countries might contribute to these discrepant findings.
Our study has some important strengths. We used a proven reliable and validated questionnaire to assess daily life physical activity, developed specifically for the Dutch adult population. The relatively complete follow-up of survivors limits the possibility of selection bias. Furthermore, we were able to compare physical activity in adult survivors of childhood cancer with an age, sex, and sociodemographically similar control group. Moreover, we investigated the influence of several potential confounders on daily life physical activity. Limitations of our study are the relatively small group of survivors and the use of a subjective measurement of physical activity instead of an objective measurement. Studies in larger groups of survivors might reveal more detailed information on therapy subgroups and their physical activity.
In conclusion, using the SQUASH we found that male neuroblastoma survivors report less daily physical activity than controls. Physical activity in male nephroblastoma survivors and female nephroblastoma and neuroblastoma survivors was comparable with that in controls. Future research on physical activity in adult survivors of childhood cancer should investigate large populations of survivors and focus on all types of childhood malignancies.
